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I n v e s t i g a t i o n s  b y  TISELIUS 1 h a v e  s h o w n  t h a t  d y e s t u f f s  a n d  s o m e  p r o t e i n s  s h o w  a v e r y  
m a r k e d  i n c r e a s e  of a d s o r p t i o n  o n t o  f i l te r  p a p e r  a n d  s i l ica  gel  in  t h e  p r e s e n c e  of  sa l t s  
in  l a rge  c o n c e n t r a t i o n s .  T h e  u n d e r l y i n g  p r inc ip l e ,  ca l l ed  ' s a l t i n g - o u t '  a d s o r p t i o n  2, 
h a s  s ince  b e e n  a p p l i e d  in  a n u m b e r  of i n s t a n c e s  in  c h r o m a t o g r a p h i c  p r o c e d u r e s  for  
p r o t e i n s  3 a n d  in  a few i n s t a n c e s  in  t h e  c h r o m a t o g r a p h y  of s m a l l e r  c o m p o u n d s  2, 4, 5. I n  
t h e  p r e s e n t  s t u d y  of p a p e r  c h r o m a t o g r a p h y  b a s e d  o n  t h e  s a l t i n g - o u t  p r inc ip le ,  com-  
p o u n d s  of v a r i o u s  t y p e s  were  c h r o m a t o g r a p h e d  u s i n g  s a t u r a t e d  a m m o n i u m  su l f a t e  as  
t h e  d e v e l o p i n g  s o l v e n t .  T h i s  r e p o r t  l i s t s  t h e  R F v a l u e s  a n d  p r e s e n t s  e q u a t i o n s  r e l a t i n g  
t h e m  to  a t o m i c  r e f r a c t i o n  c o n s t a n t s .  
* Supported in par t  by  a grant  (Project R no. 34 o) from the Horace H. Rackham School of 
Graduate Studies, University of Michigan. 
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T A B L E  I 
COMPARISON OF EXPERIMENTAL AND CALCULATED R F VALUES 
E x p e r i m e n t a l  R F values  are  t he  average  of 6 to 8 de te rmina t ions .  The  average  dev ia t ion  for each 
c o m p o u n d  was  o.o2-o.03 R F uni ts .  Calcula ted RF values  were de te rmined  f rom equa t ions  in 
the  t ex t .  /xx is defined as ioo (Expt l .  R F - - C a l c .  RF). 
Ex#tl. C~.  Exptl. Calc. 
Compo~,d MR D RE × RF X /~  Compou~,d MR D RF × RF X /~  
I o o  I O O  I o o  I o o  
L-Phenyla lanyl -L-  3 -Hydroxy-L-kynuren ine  55.7 27 3 ° - - 3  
pheny la l an ine  86.8 17 15 + 2 3,5-Diiodo-L-tY ros ine  72.4 7 5 + 2 
Glycylg lyc ine  29.I 87 9o - - 3  a-Amino isobu tyr ic  acid 25.8 8o 85 - - 5  
Glycyl-DL-alanine 33.8 87 88 - - i  L-Methionine 38.4 74 72 + 2  
Glycyl-L-leucine 47.6 69 71 - - 2  L-Ethionine  43.o 63 62 + I  
Glycylg lycylg lyc ine  41.8 9o 91 - - i  L-Cysteine 28.8 86 88 - - 2  
DL-Alanylglycine 33.8 88 86 + 2  L-Cystine 56.3 86 85 + I  
DL-Alanylglycylglycine 46.4 88 88 o LoHomocyst ine  65.5 69 68 + I 
DL-Leucylglycine 47.6 7 ° 71 - - I  S-Phenyl -L-cys te ine  53.2 37 36 + 1  
DL-Leucylglycylglycine 6o.2 7I 69 + 2  p-Aminobenzoic  acid 53.2 25 28 - - 3  
DL-Alanyl-DL-alanine 38. 4 87 82 + 5 o-Aminobenzoic  acid 46. I 23 28 u 5 
(~ lycy l -L- t ryp tophan  69. i 25 35 - - i  o o-Acetaminobenzoic  acid 46. I 9 13 - - 4  
Glycyl -L- tyros ine  59.4 56 52 + 4  o -Aminoace tophenone  39.9 i i 9 + 2  
Glycyl-DL-val ine 43.o 79 77 + 2  N - N a p h t h y l e t h y l e n e -  
Glycyl -DL-phenyla lanine  57.9 53 54 - - i  d iamine  59.1 5 6 - - I  
Glycyl-DL-asparagine  42.1 91 93 - - 2  N-a-Acety[ -L-kynurenine  61.2 6 4 + 2  
DL-Alanyl-DL-asparagine 46.8 90 88 + 2  Indolpropionic  acid 53.o 5 7 - - 2  
DL-Alanyl-DL- Homogen t i s i c  acid 41.2 43 41 + 2  
m e t h i o n i n e  56.6 66 58 + 8  p - H y d r o x y p h e n y l -  
DL-Alanyl-DL-norvallne 47.6 68 71 - - 3  acetic acid 38.6 39 35 + 4  
DL-Alanyl-DL-phenyl-  Picric acid 57-7 6 4 + 2  
a lan ine  62-5 44 46 - - 2  Acetani l ide  37.5 I4 i i  + 3  
L-Leucy l -L- t ryp tophan  87.6 14 13 + I  Benza ldehyde  28. 5 22 25 u 3  
DL-Alanyl-DL-valine 47.6 69 71 - - 2  f l -Naphthol  43.2 8 i i 1 3 
L-Leucyl-L-leucine 66. i 43 4 ° + 3 Ace ty l -L- t ryp tophan  63-5 12 i i + i 
L-Leucyl -L-phenyla lan ine  76.3 3 ° 25 + 5  T r y p t a m i n e  48.1 17 17 o 
Glycyl-L-cyste ine  41.5 8o 79 + i p-Nitrobenzoyl-DL- 
L-Valyl-L-valine 56.9 64 56 + 8  serine 60 8 18 21 1 3 
His t idy lh i s t id ine  * 82.3 83 78 + 5  a - K e t o b u t y r i c  acid 22.2 63 66 ---3 
L-Aspar t ic  acid 27.3 89 93 - - 4  a -Ketova le r ic  acid 26.8 5 ° 55 - - 5  
L-Glu tamic  acid 31.9 86 9o - - 4  a-Ketoisocaproic  
L-Threonine  26.2 9I  9o + I  acid 31.5 38 41 1 3 
L-Serine 21.6 95 94 + i a-Keto- f l -methy l -  
L -Pheny la l an ine  45.3 53 55 - - 2  valeric acid 31-5 42 44 - - 2  
I . -Tyrosine 46.8 53 52 + i P y ruv i c  acid 17.6 72 75 - - 3  
L-Lysine  d ihydrochlor ide  38.4 92 88 + 4  a -Ke tog lu t a r i c  acid 28. 4 68 73 - - 5  
L-His t id ine* 43.1 87 91 - - 4  Oxalacet ic  acid 23,8 82 8x + t  
L-Citrulline 32.8 77 74 + 3  a-Ketoisovaleric  acid 26.8 54 55 - - I  
L-Orni th ine  33.9 97 92 + 5  Guan ine  48.5 9 7 + 2  
L-Arginine* 46.1 85 85 o Adenine  46.1 7 5 + 2  
Glycine 16. 5 93 94 - - i  Uraci l  3 i .  i 45 41 + 4 
L-Alanine 21.1 93 94 - - i  Pyr idoxal*  44-3 48 49 - - I  
L-Valine 30.4 82 78 + 4  P y r idoxamine  * 47 .8 7 ° 75 ~ 5  
L-Leucine 35 .0 74 69 + 5  o-Toluic acid 37.1 31 28 -{-3 
L-Isoleucine 35 .0 74 69 + 5  L-Asparagine 29.5 9o 94 + 4  
DL-lqorleucine 35.o 69 69 o L-Tryp tophan  56.5 2o 19 + 1  
L-laroline 28. 4 84 86 - - 2  L-Kynuren ine  sul fa te  54 2 27 3 ° - - 3  
L-Hydroxypro l ine  29.9 87 86 + 1 
2 -Hydroxy -DL- t ryp tophan  58.o 26 26 o 
* 20 was  s u b t r a c t e d  f rom t h e  MRD va lues  for each  imidazol  or  guan id ine  g roup  in t he  com-  
pound ;  15 was  s u b t r a c t e d  for each py r id ine  nucleus .  
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EXPERIMENTAL 
26 peptides, 32 s-amino acids and 30 miscellaneous organic compounds were chromato- 
graphed at room temperature (24°C + 2 °) by the ascending method on Whatman 
No. I filter paper using as the developing solvent saturated aqueous solutions of am- 
monium sulfate. 
Aliphatic amines were detected on the paper  by  spraying with O . I  ~ O  ninhydr in  solution in water-  
sa tura ted  n-butanol  followed by  heat ing for 5 to io minutes  at  Ioo ° C. Longer heat ing resulted in 
a pink coloration of the paper,  due probably  to reaction of ninhydrin wi th  ammonium sulfate. To 
detect a-keto acids, the sheets were sprayed with o.o5 % o-phenylenediamine dihydrochloride in 
lO% trichloracetic acid solution and after heat ing at  i oo°C  for 2 minutes  were inspected for fluor- 
escence under  ultraviolet l igh t .  All of the other  compounds tested were detected either by  their  
fluorescence or by  their  absorpt ion  of ultraviolet light. 
RESULTS 
HAGDAHL AND TISELIUS = noted in paper chromatograms of 7 amino acids and 6 pep- 
tides developed with concentrated phosphate buffer solutions that the RF values were 
inversely proportional to the molecular weights in contrast to the generally direct 
relationship obtained using organic solvents. Such an inverse relationship is apparent 
also in the RF values obtained in the present study using saturated ammonium sulfate 
solutions (Table I). A more precise relationship was achieved in the present study, 
however, by relating the R~ values to molecular refraction (MRD) values as indicated 
in Equations I, 2 and 3. Equation i is applicable to the peptides, Equation 2, to the 
amino acids containing one or two sulfur atoms per molecule, and Equation 3, to the 
other amino acids and miscellaneous compounds. 
log (I/R F -  I )  = - - o . 6 I  + 0.030 (MRD - -  I5A - -  IoB - -  5C) (I) 
log ( I /R F - -  I) = - -1 .o2 + 0.045 (MRD - -  I5A - -  l o b  - -  5C) (2) 
log ( I /RF - -  I) ---- ---o.8o + 0.045 (MR D - -  I s A  - -  IoB - -  5 C) (3) 
The three equations were derived from Figs. i and 2, which, in turn, were based on 
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Figs. I and 2. Relationship of RF values to s t ructural  characteristics of the solutes. A, B, C and 
MRD are defined in the text .  Crosses in Fig. 2 represent  sulfur-containing amino acids; all other 
compounds  are represented by  circles. 
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amide (including peptide) groups, B ,  the number of carboxyl groups and C, the number 
of hydroxyl groups. MR D values were obtained by adding atomic refraction constants 7. 
Additional constants were assumed for pyridine, guanidine and imidazol groups as 
indicated in Table I. Since few representatives of each of these types were available 
for testing, the latter constants must 15e regarded as tentative. 
RF values calculated by the use of Equations I, 2 and 3 are presented in Table I 
for comparison with the experimental values. Good agreement (deviations of o,o5 RF 
units or less) was found for 85 of the 88 compounds tested. Therefore, the equations 
appear to be valid for the types of compounds studied. 
DISCUSSION 
Use of pre-determined group-constants as illustrated above permits the prediction 
of R F values of compounds of known structure. Conversely, experimental R F values 
can provide information concerning the structures of unknown substances of the gene- 
ral types of those listed in Table I even without preliminary isolation and purification. 
MARTIN et al. s, 9 derived a theory of partition chromatography according to which 
the R F value of a substance is related to its partition coefficient, a, in the two phases 
of the solvent system and to the ratio of the volume of the organic phase (As) to the 
volume of the aqueous phase (/4,) as shown in Equation 4- 
a = Adn~ ( l l R F -  1) (4) 
Difficulties in evaluating a as well as As/A, have undoubtedly limited the use of this 
equation. Such difficulties are avoided to a large extent  in Equations I, 2 and 3, since 
the R F values are related in these equations to published atomic constants 7 and readily 
determined group constants. 
The term, log ( I /R  F -  I ) ,  appearing in Equations I, 2 and 3 was suggested by 
consideration of MARTIN'S 8,9 treatment of partition chromatography. Why this term 
should also appear in equations concerning salting-out chromatography or why mole- 
cular refraction is a decisive factor is not at present apparent to us. 
S U M M A R Y  
Pept ides ,  a - a m i n o  acids  and  miscel laneous  organic  c o m p o u n d s  were c h r o m a t o g r a p h e d  on  filter 
pape r  us ing  s a t u r a t e d  a m m o n i u m  sul fa te  solut ion as t he  developing  solvent .  E q u a t i o n s  re la t ing  
RF va lues  to  molecular  ref rac t ion c o n s t a n t s  were der ived empir ical ly .  Appl ica t ions  of such  equa -  
t ions  in predic t ing  RF va lues  and  ob ta in ing  in fo rma t ion  concern ing  molecular  s t ruc tu re  are dis- 
cussed  briefly. 
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